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PISTON ROD SEALING SYSTEM FOR A
RECIPROCATING MACHINE AND METHOD
FOR SEALING SUCH PISTON ROD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Application No. PCT/EP2018/076905 filed Oct. 3, 2018,

claiming priority based on French Patent Application No.
1759480 filed Oct. 10, 2017.

BACKGROUND OF THE INVENTION

Field of the Invention

This mvention relates to a piston rod sealing system for a

reciprocating machine, the system comprising;

a piston rod having a first end connected to a piston
provided 1n a pressure chamber, and a second end
connected to a crankshait driving said piston rod,
whereby the piston rod 1s received within a housing;

a sealing unit provided between the piston rod and the
housing, the sealing unit comprising a first lateral
surface facing the first end and a second lateral surface
facing the second end.

Background

The sealing of a pressure chamber has always been a
focus within the industry. Whether such a sealing had an
economical purpose because 1t meant not losing pressurized
gas to the atmosphere, or a safety purpose because 1t meant
not allowing dangerous gaseous components such as highly
explosive gas, toxic gases or carcinogenic gaseous compo-
nents to reach the atmosphere, it has always played an
important role for the manufacturing companies.

Known sealing techniques create a gas sealing by using
for example helium, nitrogen or other complex gas mixtures.
Such systems having the disadvantage of being very expen-
sive, because of the additional devices for storing and/or
generating such gases on the premises of the user. Because
such sealing systems are not one hundred percent eflicient,
and because the gases used for sealing mix with air, the users
need to also take into account the costs associated with
losses of the gas escaping the system and reaching the
atmosphere. Such losses typically being between 0.5 percent
and 3 percent from the capacity of the device, the costs of
such losses being significant on a yearly basis.

Other sealing techniques are based on creating a mixture
of o1l and process gas for achieving the sealing, to capture
the o1l and the gas mixture, separate the o1l from the gas,
recover the gas and reuse the oil.

Such systems requiring a plurality of components for the
separation and recovery process, making the overall system
very complex. Such complexity having a negative impact on
the manufacturing costs and on the maintenance process.

Yet another disadvantage of such systems 1s the contami-
nation of the gas with o1l particles, which imposes the usage
of additional components such as filters and o1l separators.
Additionally such contamination limiting the usage of com-
pressors 1mplementing such sealing technology only for
certain specific manufacturing processes.

Taking the above disadvantages into account, 1t 1s an
object of the present invention to provide an easy to imple-
ment solution for sealing a piston rod of a reciprocating
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machine. Such a solution being durable and eflicient, while
maintaining the manufacturing costs low and nsuring an
easy maintenance process.

Another object of the present invention 1s to provide an
energy eflicient solution, to improve the efliciency of the
overall system at the level of the process to which the system
1s connected and to provide an environmentally friendly
solution.

At the same time, the sealing system of the present
invention 1s aiming at providing a solution for which losses
of the sealing agent are minimized, 11 not eliminated, and for
which the user would not have to acquire additional devices
for generating or storing such sealing agent.

Furthermore, the solution of the present mvention 1s
suitable to be implemented 1n all types of industries without
limitation.

SUMMARY OF THE INVENTION

The present invention solves at least one of the above
and/or other problems by providing a piston rod sealing
system for a reciprocating machine, the system comprising:

a piston rod having a first end connected to a piston

provided in a pressure chamber, and a second end
connected to a crankshait dniving said piston rod,
whereby the piston rod 1s recetved within a housing;

a sealing umt provided between the piston rod and the

housing, the sealing unit comprising a first lateral
surface facing the first end and a second lateral surface
facing the second end;

wherein

the sealing unit comprises a first rod seal positioned 1n the

vicinity of the first lateral surface and a second rod seal
positioned between the first rod seal and the second
lateral surface, said sealing unit being fixed within the
housing; and

the labyrinth seal comprises a liquid mjection pipe.

Because the second rod seal comprises a liquid injection
pipe, a liquid barrier 1s created between the process gas and
the atmosphere. Moreover, because the sealing system com-
prises a first rod seal, the pressure variances from the
pressure chamber are being smoothened and lowered
towards the level of the second rod seal, increasing the
ciliciency of the sealing system.

Because the liqud barner 1s being created, the leakage of
gas towards the atmosphere 1s minimized or eliminated,
making the reciprocating machine according to the present
invention environmentally friendly, very eflicient and even
safe to use 1n systems using dangerous gases.

Because the sealing unit comprises a second rod seal and
a liquid 1njection pipe, a suflicient pressure drop 1s assured
between the pressure chamber and the atmosphere such that
a very eflicient and simple sealing 1s achieved.

At the same time, the rod seal does not allow air {from
outside the sealing unit to reach the pressure chamber, which
makes the second rod seal act as a buller between the two.

Furthermore, because the liquid reaching the second rod
seal 1s pressurized, the sealing capability 1s increased,
because the pressure of the gas reaching the second rod seal
1s counteracted by the pressure of the ijected liquid, lim-
iting even more the possibility of gas particles to pass
through the second rod seal and reach the atmosphere.

Because the leakage of gas towards the atmosphere 1s
minimized or eliminated, no loses are encountered, reducing
the overall costs associated with the functioning of the
machine.
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Preferably, the pressure of the liquid injected in the
second rod seal 1s maintained at a value slightly higher than
the pressure of the gas reaching such second rod seal. By
adopting such a technique, the gas will not be allowed to
escape towards the atmosphere.

The pressure of the liquid injected through the liquid
injection pipe being controlled by controlling the quantity of
liquid reaching said liquid injection pipe.

By controlling the pressure of the liqud imjected 1n the
second rod seal in such a way, such liqud 1s 1n fact not
allowed to enter the pressure chamber and gas particles are
not allowed to reach the atmosphere.

In a preferred embodiment according to the present inven-
tion, but not limiting thereto, said second rod seal 1s 1n the
shape of a labyrinth seal.

Said labyrinth seal, assuring a suflicient pressure drop
between the pressure chamber and the atmosphere, mini-
mizing even more the possibility of gas from said pressure
chamber to reach the atmosphere or for atmospheric air to
reach the pressure chamber.

In a preferred embodiment of the present invention the
liquid 1mjected through said liquid injection pipe 1s water.
Consequently, the reciprocating machine according to the
present embodiment can be used in all types of industries
without limitations, such as for example and not limiting
thereto: the food industry, the medical industry, industries
requiring a very high purity of the gas, or industries using
dangerous gaseous components for which a mixture of such
gaseous components with other liquids or gases would
potentially be very dangerous.

Because the reciprocating machine according to such
embodiment uses water as injection liquid, the movement of
the piston rod cannot aflect the water film created between
the piston and the sealing system, making such system very
durable and easy to maintain.

Furthermore, by using water as mjection liquid, the solu-
tion provided 1s very mexpensive, easy and safe to imple-
ment and maintain.

The present invention 1s turther directed to a method for
sealing a piston rod for a reciprocating machine, the method
comprising the following steps:

providing a piston rod having a first end connected to a

piston and a second end;

providing a sealing unit between the piston rod and a

housing and fixing the sealing unit to the housing, the
sealing unit comprising a first lateral surface facing the
first end and a second lateral surface facing the second
end;

wherein the method further comprises the steps of:

providing a first rod seal in the vicinity of the first lateral
surface and a second rod seal between the first rod seal
and the second lateral surface; and

injecting a liquid through a liquid injection pipe 1n flud
communication with the rod seal.

The present invention 1s further directed to a piston
compressor comprising a gas inlet and a compressed gas
outlet, whereby the piston compressor 1s provided with a
piston rod sealing system according to the present invention.

The present invention 1s also directed to a piston vacuum
pump comprising a vacuum inlet and a vacuum outlet,
whereby the piston vacuum pump 1s provided with a piston
rod sealing system according to the present invention.

In the context of the present invention 1t should be
understood that the benefits presented with respect to the
piston rod sealing system for a reciprocating machine also
apply for the method for sealing a piston rod for a recipro-
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cating machine, the piston compressor and the piston
vacuum pump comprising such a sealing system.

BRIEF DESCRIPTION OF THE DRAWINGS

With the itention of better showing the characteristics of
the mvention, some preferred configurations according to
the present invention are described heremnafter by way of
example, without any limiting nature, with reference to the
accompanying drawings, wherein:

FIG. 1 schematically represents a reciprocating machine
according to the present invention;

FIG. 2 schematically represents a cross section of a
sealing unit according to an embodiment of the present
invention;

FIG. 3 schematically represents the circuit of the liquid
injected 1n the labyrinth seal according to an embodiment of
the present invention;

FIG. 4 schematically represents a perspective view of a
sealing unit according to FIG. 2; and FIG. 5 schematically
represents a vacuum pump according to the present inven-
tion.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

FIG. 1 illustrates a reciprocating machine 1 comprising a
gas inlet 2 and a process gas outlet 3. The reciprocating
machine 1 configure to provide process gas to a user’s
network 4.

Such reciprocating machine 1 comprising an element 3
being driven by a motor 6.

The reciprocating machine 1 might be a compressor or a
vacuum pump. We will hereby explain, as an example, the
situation 1n which the reciprocating machine 1 1s a com-
Pressor.

In such an example, the element 5 1s a compressor
clement.

Turning now to FIG. 2, the compressor element 5 com-
prises a housing 7, a piston rod 8 having a first end 8a
connected to a piston 9 provided in a pressure chamber, and
a second end 86 connected to a crankshait 10 driving said
piston rod 8.

The piston rod sealing system of FIG. 2 being provided
between the pressure chamber and the crankshaft 10.

Furthermore, a sealing unit 11 1s provided between the
piston rod 8 and the housing 7, said sealing unit 11 com-
prising a first lateral surface 12a facing the first end 8a and
a second lateral surface 126 facing the second end 85b.

As can be seen from FIG. 2, said sealing unit 11 1s being
provided around the piston rod 8.

For increased sealing properties and pressure control, the
sealing umit 11 further comprises a first rod seal 13 posi-
tioned 1n the vicinity of the first lateral surface 12a and a
second rod seal 14 positioned between the first rod seal 13
and the second lateral surtace 12b6. Preferably, the sealing
unmit 11 1s fixed within the housing 7.

By the first rod seal 13 to be positioned in the vicinity of
the first lateral surface 12a can be understood that such first
rod seal 13 1s positioned at a minimum distance from said
first lateral surface 12a, said minimum distance being main-
tained for structural purposes, such that the robustness of the
sealing unit 11 1s maintained.

In other words, the first rod seal 13 1s the seal closest to
the first lateral surface 12a.
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The above obviously implies that the first rod seal 13 1s
positioned between the second rod seal 14 and the first
lateral surface 12a.

The first rod seal 13 and the second rod seal 14 are being,
mounted around the piston rod 8.

In an embodiment according to the present invention, the
second rod seal 14 can be selected as any type of seal
achieving a pressure drop between the pressure chamber and
the atmosphere such that gas particles are not allowed to
pass towards the atmosphere. As an example and not lim-
iting thereto, said second rod seal 14 can be selected from a
group comprising: a labyrinth seal, one or more O-ring seals,
one or more lip seals, or others.

Said second rod seal 14 being manufactured from any
type of material such as for example and not limiting thereto:
Teflon, PI'FE, any type of rubber, any type of plastic, any
type of metal, or other material or a combination thereof.

Preferably but not limiting thereto, the second rod seal 14
1s 1n the shape of a labyrinth seal.

Further preferably, the second rod seal 14 comprises a
liquid 1njection pipe 15.

As can be seen 1n FIG. 2, and as tests have shown, the
pressure variance within the pressure chamber 1s smooth-
ened by the first rod seal 13, section I-I, and the liquid
injection pipe 15 1s acting as a bufler between the second
lateral surface 126 and its characteristic pressure value,
section II-1I, and the first lateral surface 12a and 1ts pressure
variances, section I-I.

In a preferred embodiment according to the present inven-
tion and not limiting thereto, the first rod seal 13 can be a
labyrinth seal.

The present invention should however not be limited to
such a type of seal and 1t should be understood that other
types of seals can be used for the first rod seal 13 as well,
such as for example and not limiting thereto: an O-ring seal,
a lip seal, a bushing, a graphite seal, a ceramic seal, or any
other type of seal.

In a preferred embodiment but not limiting thereto, the
liguad 1mection pipe 135 1s positioned 1 the middle or
approximately in the middle of the second rod seal 14.

As shown 1n FIG. 2, the liquid 1njection pipe 15 can have
a circular shape, going around said piston rod 8 or it can
have another layout such as for example 1t can comprise one
or more 1njection points through which liquid 1s 1injected into
the second rod seal 14. The injection points being spread
around the circumierence of the piston rod 8, and being or
not at an equal distance from one another.

Because of this, the liquid injection pipe 15 1s in fact
acting as a damper between two separating sections: I11-111
wherein the pressure of the injected liqud is further 1ntlu-
enced by the pressure value at the level of the second lateral
surface 125, which 1s typically the atmospheric pressure, and
section IV-IV wherein the pressure of the mjected liquid 1s
influenced by the smoothened pressure from the pressure
chamber. Consequently, the sealing efliciency i1s increased
when compared to known sealing units.

By approximately 1n the middle should be understood that
the liquid injection pipe 15 can be positioned at a relatively
small distance from the location delimiting the middle of the
second rod seal 14. Depending on the dimension of the
sealing unit 11 such distance can be a couple of millimeters
Or even centimeters.

The position of the liquid mjection pipe 15 should how-
ever not be limiting to being positioned in the middle of the
second rod seal 14, and 1t should be understood that the
liquid 1njection pipe 15 can be positioned at any location of
the second rod seal 14, without departing from the scope of
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the present invention such as for example: at any location
within the second rod seal 14 that 1s closer to the end facing
the first rod seal 13 than the example illustrated 1n FIG. 2,
or at any location within the second rod seal 14 that 1s closer
to the end facing the second lateral surface 1256 than the
example 1llustrated 1n FIG. 2.

In an embodiment according to the present invention, for
an even more increased sealing efliciency, the sealing unit 11
may comprise a first liquid wiper 16 positioned between the
first rod seal 13 and the second rod seal 14. Said first liquid
wiper 16 being mounted around the piston rod 8.

Consequently, the risk of encountering a mixture of the
liquid 1njected 1nto the liquid injection pipe 15 and of the gas
present at the level of the first rod seal 13 1s minimized.

For achieving an even more eflicient liquid barrier and for
achieving a pressure balancing within section II-II, the
sealing unit 11 preferably comprises a second liqud wiper
17 positioned between the second rod seal 14 and the second
lateral surface 12b6. The second liquid wiper 17 being
mounted around the piston rod 8.

In the context of the present invention, the first liquid
wiper 16 and the second liquid wiper 17 should be each
understood as an axial seal mounted around the piston rod
allowing said piston rod 8 to have a reciprocating move-
ment, separating liquid from gas and not allowing fluid or
solid particles to pass. In other words the first liquid wiper
16 and the second liquid wiper 17 can be seen each as a
component capable of retaining fluid or solid particles.

The first liquid wiper 16 and the second liquid wiper 17
being manufactured from any type of material such as for
example and not limiting thereto: any type of rubber, PTFE,
any type ol plastic, an elastomer, any type of metal, a
combination thereof or another material.

Further, 1t should be understood that other types of seals
can be used for the first liquid wiper 16 and the second liquid
wiper 17 and the present invention should not be limited to
the use of a liquid wiper. Other types of seals can be selected
from a group comprising: an O-ring seal, a labyrinth seal, a
l1ip seal, a bushing, a graphite seal, a ceramic seal, or the like.

In another embodiment according to the present imven-
tion, the sealing unit 11 comprises a liqud channel 1n the
shape of a groove 18 wherein liquid 1s 1njected, the groove
18 being positioned between the first rod seal 13 and the
second rod seal 14.

Said groove 18 can realized as a circular groove around
the piston rod 8.

By comprising such a groove 18, the sealing umt 11
comprises an additional barrier between the pressure cham-
ber and the atmosphere, increasing even more the sealing
clliciency 1n a simple and easy to implement manner.

In a preferred embodiment according to the present mnven-
tion but not limiting thereto, the groove 18 1s being posi-
tioned between the first ligumid wiper 16 and the second rod
seal 14.

In yet another embodiment according to the present
invention, the sealing unit 11 further comprises a first
chamber 19 positioned between the first rod seal 13 and the
first liquid wiper 16.

In a preferred embodiment but not limiting thereto, the
first chamber 19 can be realized as a circular chamber
around the piston rod 8.

The present mnvention should however not be limited to a
circular shape for the first chamber 19 and 1t should be
understood that other shapes like for example: square,
triangular or an 1rregular shape can be also used. Such a first

[

chamber 19 creating a low pass filter effect.
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For a more eflicient smoothening of the pressure of the
gas 1n the pressure chamber, the sealing umit 11 comprises a
pressure equalizing tank 20. As shown in FIG. 3, for
equalizing the pressure of the fluid 1n the first chamber 19
with the pressure of fluid at the level of the groove 18.

For achieving this, the pressure equalizing tank 20 1s
connected to the first chamber 19 through a liquid conduit A
and to the groove 18 through a liquid conduit B.

By controlling the pressure in the first chamber 19 and the
groove 18, an eflicient sealing of the first liquid wiper 16 1s
achieved, since the pressure gradient at the level of the first
liquid wiper 16 1s maintained low.

As shown 1n FIG. 3 the pressure equalizing tank 20 can
comprise two sections, one wherein the fluid from the first
chamber 19 1s gathering and comprises conduit A, and
another one wherein the fluid from the groove 18 i1s gath-
ering and comprises conduit B. In the example 1llustrated 1n
FIG. 3, the fluid from the first chamber 19 1s gathering 1n the
top part of the pressure equalizing tank 20 and the fluid from
the groove 18 1s gathering on the bottom part of the pressure
equalizing tank 20.

Such a layout should however not be limiting, and 1t
should be understood that another layout or even another
shape of the pressure equalizing tank 20 would also work, as
long as the two sections can be created.

By achieving such a pressure balancing, the liquid present
in the groove 18 1s brought at the same or approximately the
same pressure value as the pressure value of the gas present
in the first chamber 19, eliminating the risk of liquid to reach
the pressure chamber.

In a preferred embodiment according to the present inven-
tion the fluid from the first chamber 19 1s not mixing with the
fluid from the groove 18.

For capturing the liquid ijected 1in the injection pipe 15,
the sealing unit 11 further comprises a second chamber
positioned between the second rod seal 14 and the second
lateral surface 12b.

The second chamber 21 preferably comprising a conduit
C, allowing such liquid to reach a liquid vessel 22. Such
liquid vessel 22 preferably being at atmospheric pressure.

The first chamber 19 and the second chamber 21 being
realized around the piston rod 8.

In a preferred embodiment according to the present inven-
tion and not limiting thereto, the second chamber 21 1s
positioned between the second seal 14 and the second liquid
wiper 17.

Consequently, 1n the unlikely event that liquid would pass
the second chamber 21, 1t will be stopped by the second
liquid wiper 17 and not be allowed to reach the atmosphere.

Such precautions make the sealing unit 11 according to
the present embodiment very easy to manufacture and safe
to use 1n applications using dangerous gaseous components.

The sealing unit 11 mimimizes or eliminates losses of gas
and of mjected liquid, increasing 1ts efliciency, decreasing
the costs associated with the functioning of the reciprocating
machine 1 and the maintenance process.

Preferably but not limiting thereto, the second chamber 21
can be realized as a circular chamber, around the piston rod
8.

In a preferred embodiment and not limiting thereto, the

reciprocating machine 1s a water 1njected machine.

In another preferred embodiment according to the present
invention and not limiting thereto, the liquid njected
through said liquid 1njection pipe 15 1s water.
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Since water 1s typically not affecting the processes the
reciprocating machine 1 1s connected to, said reciprocating
machine 1 can be used 1n any type of application and 1n any
type of industry.

Furthermore, the costs associated with the functioning of
the machine are even more reduced and the reciprocating
machine according to the present embodiment 1s environ-
mentally friendly.

It should be however not excluded that other liquids can
be used as well such as for example and not limiting thereto:
o1l or any other type of sealing liquids.

It should be further not excluded that such liquids can be
obtained by a combination of substances or that such liquds
could further contain any types of additives.

In another embodiment according to the present inven-
tion, the sealing umt 11 further comprises a liquid vessel 22
which 1s connected to the liquid injection pipe 135 through a
connection means, conduit D.

Said connection means, conduit D, being in the shape of,
for example, a liquid pipe or an integrated channel.

Preferably but not limiting thereto, the liqud vessel 22
comprises liquid subjected to atmospheric pressure.

For efliciently performing the liquid injection, the sealing
unit 11 can comprise a source of pressurized liquid feeding
the liquid injection pipe 15 such as for example and not
limiting thereto: a pump, a tank comprising pressurized
fluid, an 1mpeller or any other source.

Preferably, such source can be 1n the shape of a pump 23,
said pump 23 for example being mounted on conduit D.

Said pump 23 helping 1n providing a pressurized liquid
that 1s further 1njected through said liquid mjection pipe 15.

Consequently, the pressure of the liquid injected through
said liquid imjection pipe 15 1s influenced by the size of the
pump 23 and 1ts rotational speed.

Further, the pressure equalizing tank 20 can comprise a
first commumnicating pipe (conduit A) towards the first cham-
ber 19, a second communicating pipe (conduit B), towards
the groove 18 and a third communicating pipe, (conduit E)
towards the liquid vessel 22.

The arrows shown 1n FIG. 3 represent a preferred direc-
tion of flow of the liqud.

Preferably, each of the conduits A to D can comprise a
liguid pipe or an integrated channel reaching the liquid
injection pipe 15, the groove 18, the first chamber 19 and the
second chamber 21. In the example shown 1 FIG. 2 and
turther 1llustrated 1n FIG. 4, at least a part of such conduits
can be created through the body of the sealing unit 11, but
other layouts should also be considered and the present
invention should not be limited to the shown example.

Preferably, conduit E comprises a liquid pipe or a channel
that can communicate with conduit D or with the liquid
vessel 22.

For an easier communication with the liquid imjection
pipe 15, the groove 18, the first chamber 19 and the second
chamber 21 and for an easier overall layout, the conduits A
to D are created and communicate with the liquid 1njection
pipe 15, the groove 18, the first chamber 19 and the second
chamber 21 through the second lateral surface 124, but they
might as well be created and communicate through the first
lateral surface 12a or through another surface of said sealing
unit 11.

Because the circuit of the liquid 1njected into the second
rod seal 14 1s built 1n such a way, as shown 1n FIG. 3, any
liquid droplets reaching the second chamber 21 are collected
and returned back to the liquid vessel 22 without any
additional components.
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Furthermore, 1in the unlikely event that liqud droplets
would reach the first chamber 19, such liquid droplets would
also be captured through conduit A, brought into the pres-
sure equalizing tank 20 from where they can be collected
and recirculated, without any additional components.

Yet further, the gas reaching the first chamber 19 1s also
collected and returned to the pressure chamber, without any
additional components. Accordingly, 11 the minimum value
25 1s reached within the pressure equalizing tank 20, the
valve 26 1s actuated, allowing more fluid to reach said
pressure equalizing tank 20 and forcing the gas entrapped
therein to reach the pressure chamber though conduit A and
the first chamber 19.

In a preferred embodiment according to the present inven-
tion and not limiting thereto, the piston rod 8 and the
pressure chamber comprise a common housing 7.

By comprising a common housing 7 the sealing of the
reciprocating machine 1 can be better assured and the
manufacturing and mounting processes can be done easier.

FIG. 4 shows an example of layout for the conduits A-D
according to the present invention.

It should be however understood that another layout 1s
also possible and the present invention should not be limited
to the presented example.

Depending on the application the reciprocating machine 1
1s used 1n, the sealing unit 11 can comprise some or even all
the technical features presented herein, 1n any combination
without departing from the scope of the invention. By
technical features 1t 1s meant at least: the first rod seal 13, the
second rod seal 14, the liquid mjection pipe 15, the first
liquid wiper 16, the second liquid wiper 17, the groove 18,
the first chamber 19, the second chamber 21, the pressure
equalizing tank 20, the liquid vessel 22, the pump 23, the
valve 26 and the layout of the conduits A- =8

The functioning principle of the sealing umt 11 according
to the present invention 1s very simple and as follows.

The sealing unit 11 1s provided between a piston rod 8 of
a reciprocating machine and its housing 7, said sealing unit
11 being fixed within said housing 7.

During the functioming of the reciprocating machine 1, the
pressure variance present in the pressure chamber 1s smooth-
ened by the first rod seal 13.

It 1s also possible for the sealing unit 11 to comprise a
plurality of such first rod seals 13, placed one after the other
between the first lateral surface 12a and the first chamber 19.
Such first rod seals 13 belng of the same type or of a diflerent
type. For achieving an eflicient sealing, a second rod seal in
the shape of a labyrinth seal 1s provided, wherein a liquid 1s
injected through the liquid ijection pipe 15. Accordingly, a
liquid barrer 1s created, stopping the gas from reaching the
atmosphere.

In a preferred embodiment but not limiting thereto, the
first rod seal 13 can be selected as a labyrinth seal.

In another embodiment according to the present inven-
tion, for a more eflicient sealing, the injected liquid 1s
pressurized.

For achieving an even more eflicient sealing, the pressure
alter the first rod seal 13 can be equalized with the pressure
after a first liquid wiper 16.

The pressure after the first rod seal 13 should be under-
stood as the pressure of the fluid present at the level of the
piston rod 8 or between the piston rod 8 and the sealing unit
11, at the location defined between the first rod seal 13 and
the first liquid wiper 16.

The pressure after the first liquid wiper 16 should be
understood as the pressure of the fluid reaching the piston
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rod 8 or being between the piston rod 8 and the sealing unit
11 at the location defined between the second rod seal 14 and
the first liquid wiper 16.

For easily equalizing the pressure, the pressure equalizing,
tank 20 1s provided.

In an embodiment according to the present invention, the
step of equalizing the pressure comprises bringing the liquid
injected into the second rod seal 14 and reaching a groove
18 positioned between the second seal 14 and the first rod
seal 13 1n fluid communication with the pressure equalizing
tank 20, through conduit B.

In another embodiment according to the present imven-
tion, the step of equalizing the pressure further comprises
bringing a fluid channel of a first chamber 19 1n flud
communication with said pressure equalizing tank 20,
through conduit A, said first chamber 19 being provided
between the first rod seal 13 and the groove 18.

In a preferred embodiment according to the present mnven-
tion, and not limiting thereto, the pressure of the hiquid
injected through the liquid mjection pipe 15 1s maintained at

a value higher or slightly higher than the fluid 1n the first
chamber 19.
Further, a second chamber 21 can be provided, said

second chamber 21 being positioned between the second rod
seal 14 and the second lateral surface 12b.

In a preferred embodiment according to the present mnven-
tion and not limiting thereto, the liquid injected through said
liquid mjection pipe 15 1s water.

Preferably, the liquid from the second chamber 21 1s
returned to a liquid vessel 22 and further to the hiquid
injection pipe 15. Consequently, the liquid injected in the
liquid 1njection pipe 15 1s recirculated and reused.

The method further comprises the step of maintaining the
pressure of the liquid vessel 22 at atmospheric pressure.

For ensuring that the needed result 1s achueved at all times,
the level of the liquid present within the pressure equalizing
tank 20 1s maintained below a maximum value 24 by
opening or closing a valve 26 on a fluid pipe (conduit E)
provided between the liquid vessel 22 and the pressure
equalizing tank 20.

Further, the level of the liquid present within the pressure
equalizing tank 20 can be maintained above a minimum
value 25 by opening or closing said valve 26.

In a preferred embodiment and not limiting thereto, the
level of the liquid present within the pressure equalizing
tank 20 can be maintained between a maximum value 24 and
a minmimum value 25 by opening or closing said valve 26.

Such valve 26 can be any type of valve such as an
automatically actuated valve or a manually actuated one.

If the valve 26 1s automatically actuated, 1t can receive the
open or close command directly from for example level
sensors mounted within the pressure equalizing tank 20 or
from a floater mounted within the pressure equalizing tank
20.

Other techniques for maintaining the level of the liquid
between a maximum value 24 and a minimum value 23
value should also not be excluded from the present inven-
tion.

The level of the liquid present within the pressure equal-
1zing tank 20 1s preferably maintained between a maximum
value 24 and a minimum value 23 such that fluid from the
first chamber 19 will not reach the groove 18, or vice versa.

In a preferred embodiment according to the present mnven-
tion and not limiting thereto, the reciprocating machine 1 1s
a piston compressor.
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Although the ivention as described above has been
explained 1n the scenario of the reciprocating machine 1
being a compressor, 1t 1s equally possible that such machine
1s a vacuum pump 101.

In such a case, the element 5 1s a vacuum element 105.

Accordingly, the reciprocating vacuum pump 101 has a
vacuum element 105, having an inlet 102 connected to the
user’s network and an outlet 103 connected to the atmo-
sphere or to an external network 104. The vacuum element
105 being driven by a motor 106.

It should be understood that, in the case of a vacuum
pump 101, the sealing unit 11 has the same layout and the
same functional properties as described above.

In a preferred embodiment according to the present inven-
tion, the reciprocating vacuum pump 101 1s a piston vacuum
pump.

In the context of the present invention 1t should be
understood that the different features as defined herein can
be used 1n any combination without departing from the
scope of the mvention.

The present mvention 1s by no means limited to the
embodiments described as an example and shown in the
drawings, but such a sealing unit 11 can be realized 1n all
kinds of varnants, without departing from the scope of the
invention.

The 1nvention claimed 1s:

1. A piston rod sealing system for a reciprocating machine
(1), the piston rod sealing system comprising;:

a piston rod (8) having a first end (8a) adapted to be
connected to a piston (9) provided 1n a pressure cham-
ber, and a second end (85) adapted to be connected to
a crankshatt (10) dniving said piston rod (8), whereby
the piston rod (8) 1s received within a housing (7);

a sealing unit (11) provided between the piston rod (8) and
the housing (7), the sealing unit (11) comprising a first
lateral surface (12a) facing the first end (8a) and a
second lateral surface (12b) facing the second end (85);

wherein:

the sealing unit (11) further comprises a first rod seal (13)
positioned 1n a vicinity of the first lateral surface (12a),
and a second rod seal (14) positioned between the first
rod seal (13) and the second lateral surtace (124), said
sealing unit (11) fixed within the housing (7);

the second rod seal (14) comprises a liquid 1njection pipe
(15);

the liquid 1njection pipe (135) 1s positioned 1n the middle
of the second rod seal the sealing umit (11) further
COmMprises:

a first liquad wiper (16) positioned between the first rod
seal (13) and the second rod seal (14),

a liquid channel (18) 1n a shape of a groove wherein
liquid 1s mjected, the liquid channel (18) positioned
between the first liquid wiper (16) and the second rod
seal (14),

a first chamber (19) positioned between the first rod
seal (13) and the first liquud wiper (16); and

a pressure equalizing tank (20) configured to equalize
pressure ol fluid i the first chamber (19) with
pressure of fluid at the level of the liquid channel
(18), and

the pressure equalizing tank (20) 1s connected to the first
chamber (19) via a first communicating pipe (conduit
A), and 1s connected to the liquid channel (18) via a
second communicating pipe (conduit B).

2. The piston rod sealing system according to claim 1,

wherein the second rod seal (14) comprises a labyrinth seal
or an O-ring seal.
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3. The piston rod sealing system according to claim 1,
wherein the sealing unit (11) further comprises a second
liguad wiper (17) positioned between the second rod seal
(14) and the second lateral surface (125b).

4. The piston rod sealing system according to claim 3,
wherein the sealing unit (11) further comprises a second
chamber (21) positioned between the second rod seal (14)
and the second lateral surface (12b6), and

the second chamber (21) 1s positioned between the second

rod seal (14) and the second liquid wiper (17).
5. The piston rod sealing system according to claim 1,
wherein the liquid channel (18) 1s circular around the piston
rod (8).
6. The piston rod sealing system according to claim 1,
wherein the first chamber (19) 1s circular around the piston
rod (8).
7. The piston rod sealing system according to claim 1,
wherein the sealing unit (11) further comprises a second
chamber (21) positioned between the second rod seal (14)
and the second lateral surface (12b).
8. The piston rod sealing system according to claim 7,
wherein the second chamber (21) i1s circular around the
piston rod (8).
9. The piston rod sealing system according to claim 1,
wherein the reciprocating machine (1) 1s a water 1njected
machine.
10. The piston rod sealing system according to claim 1,
wherein the liquid injected through said liquid injection pipe
(15) 1s water.
11. The piston rod sealing system according to claim 1,
wherein the sealing unit (11) further comprises a liquid
vessel (22) which 1s connected to the liquid mjection pipe
(15) through a connection means (condut D).
12. The piston rod sealing system according to claim 11,
wherein said connection means (conduit D) comprises a
liquid pipe or an integrated channel.
13. The piston rod sealing system according to claim 11,
wherein the pressure equalizing tank (20) 1s further con-
nected to the liquid vessel (22) via a third communicating
pipe (conduit E).
14. The piston rod sealing system according to claim 1,
wherein the piston rod (8) and the pressure chamber com-
prise a common housing (7).
15. A method of operating a piston rod sealing system for
a reciprocating machine (1), the piston rod sealing system
including a piston rod (8) having a first end (8a) and a
second end (8b), the first end (8a) connected to a piston (9),
and the piston rod sealing system further including a sealing
unit (11) that 1s between the piston rod (8) and a housing (7),
and fixed to the housing (7), the sealing umt (11) imncluding
a first lateral surface (12a) facing the first end (8a), a second
lateral surface (126) facing the second end (8b), a first rod
seal (13) 1in a vicinity of the first lateral surface (12a), and
a second rod seal (14) between the first rod seal (13) and the
second lateral surface (126), the method comprising the
following steps:
injecting a liquid through a liquid injection pipe (15) 1n
fluid communication with the second rod seal (14);

equalizing pressure after the first rod seal (13) with
pressure after a first liquid wiper (16) of the sealing unit
(11),

wherein the liquid 1njection pipe (15) 1s positioned in the
middle of the second rod seal (14) and 1njects the liquad
within second rod seal (14),

the sealing unit (11) further includes a groove (18) posi-
tioned between the first liqmd wiper (16) and the
second rod seal (14), and
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the step of equalizing comprises:

providing the liquid, that 1s previously mnjected within the
second rod seal (14) and reaches the groove (18), to a
pressure equalizing tank (20) via a first conduit that 1s
connected to the groove (18) and the pressure equal-
1zing tank (20), and

providing a fluid, that 1s within a first chamber (19) of the

sealing unit (11), to the pressure equalizing tank (20)
via a second conduit that 1s connected to the first
chamber (19) and the pressure equalizing tank (20), the
first chamber (19) provided between the first rod seal
(13) and the first liquid wiper (16).

16. The method according to claim 135, wherein the
injected liquid 1s pressurized.

17. The method according to claim 135, further comprising
the step of maintaiming the pressure of the liquid mjected
through the liquid 1njection pipe (15) at a higher value than
the fluid 1n the first chamber (19).

18. The method according to claim 15, wherein the piston
rod sealing system further includes a second chamber (21)
positioned between the second rod seal (14) and the second
lateral surface (12b).

19. The method according to claim 18, further comprising
the step of returning the liquid from the second chamber (21)
to a liquid vessel (22) and further to the liquid 1njection pipe
(15).

20. The method according to claim 19, further comprising
the step of maintaining the pressure of the liquid vessel (22)
at atmospheric pressure.
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21. The method according to claim 19, further comprising
the step of maintaining a level of the liquid within the
pressure equalizing tank (20) below a maximum value (24)
by opening or closing a valve (26) on a fluid pipe (conduit
E) provided between the liquid vessel (22) and the pressure
equalizing tank (20).

22. The method according to claim 19, turther comprising
maintaining the level of the liquid within the pressure
equalizing tank (20) above a minimum value (25) by open-
ing or closing a valve (26) on a fluud pipe (conduit E)
provided between the liquid vessel (22) and the pressure
equalizing tank (20).

23. The method according to claim 19, turther comprising,
maintaining the level of the liquid within the pressure
equalizing tank (20) between a maximum value (24) and a
minimum value (25) by opening or closing a valve (26) on
a tluid pipe (conduit E) provided between the liquid vessel
(22) and the pressure equalizing tank (20).

24. The method according to claim 15, wherein the liquad
injected through said liquid imjection pipe (15) 1s water.

25. A piston compressor comprising a gas inlet and a

compressed gas outlet, wherein the piston compressor 1s
provided with a piston rod sealing system according to claim
1.

26. A piston vacuum pump comprising a vacuum inlet and
a vacuum outlet, wherein the piston vacuum pump is pro-
vided with a piston rod sealing system according to claim 1.
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